United States Patent

US008442019B2

(12) (10) Patent No.: US 8,442,019 B2
Trott et al. 45) Date of Patent: May 14, 2013
(54) METHOD AND APPARATUS FOR AVOIDING 5,583,866 A * 12/1996 Vooketal. ................... 370/312
WIRELESS AUDIO SIGNAL TRANSMISSION gggggg i g/{ gg’; Echotz
; ! aw
INTERFERENCES 5,832,024 A 11/1998 Schotz
6,278,699 B 8/2001 Atari
(75) Inventors: Christian A. Trott, Durham, NC (US); 6,344,727 B 2/2002 Dea;aliuzt al.
Eric J. Koetsch, Gardner, MA (US) 6,346,692 B 2/2002 Ubowski
6,377,608 B 4/2002 Zyren
(73) Assignee: Bose Corporation, Framingham, MA 6,456,645 Bl 9/2002 Kurrat
US 6,487,296 Bl  11/2002 Allen
(US) 6,498,936 B 12/2002 Raith
6,510,210 B 1/2003 Baughan
( *) Notice: Subject to any disclaimer, the term of this 6,591,085 Bl 7/2003 Gm(il}
patent 1s extended or adjusted under 35 6,608,399 B2 82003 McConnell et al.
U.S.C. 154(b) by 2154 days. (Continued)
(21) Appl. No.: 11/050,160 FOREIGN PATENT DOCUMENTS
EP 0621707 10/1994
(22) Filed: Feb. 3, 2005 EP 00692882 A2 1/1996
Continued
(65) Prior Publication Data (Continued)
US 2005/0272436 Al Dec. 8, 2005 OTHER PUBLICATIONS
H.Gan, B. Treister, Adaptive Frequency Hopping, a Non-Collabora-
Related U.S. Application Data tive Coexistence mechanism, IEEE, pp. 1-40, Mar. 12, 2001, Austin,
(63) Continuation-in-part of application No. 10/640,215, TX, www.ree802.org, Working Group for Wireless Personal Area
filed on Aug. 12, 2003. Networks, Online!, Mar. 12, 2001, pp. 1-40.
(51) Int.CL (Continued)
' rimary Lxaminer — Vlarcos batista
HO04B 7/216 (2006.01) Primary E . M Bt
(52) 'ILJJSSPgl 370/342- 455/447- 455/454 (74) Attorney, Agent, or Firm — Fish & Richardson P.C.
(58) Field of Classification Search ................. 455/450; (57) ABSTRACT
3°70/341 . . .
See application file for complete search history In one aspect, in general, the invention features a method
| including a second wireless system determining a frequency
: ol active operation ol a Iirst wireless system, and communi-
(56) References Cited ['active operation of a fi ireless system, and |

U.S. PATENT DOCUMENTS

5,077,753 A 12/1991 Grau, Jr.
5,280,497 A 2/1994 Jacobson
5,311,542 A 5/1994 Eder

cating wirelessly on the second wireless system 1n the vicinity
of the wireless communication on the first wireless system,
the wireless communication utilizing a spread-spectrum tech-
nique that excludes the determined frequency.

5394433 A * 2/1995 Bantzetal. ................... 375/132 15 Claims, 24 Drawing Sheets
4 _
\g 10 Slave Channel
13,1 2 N s Selector
Source Payload ———
| Coder [™| Manager [ 40%§ /77 "5150 Channel Quality
S
20~ 25~ 30~ 80~ § o0 185~ | 90~ |
Error . Wireless Wireless De- Error
) ngc%%tgn Packetizer <> |ntorface [ “*! Interface [ | Packetizer [ Cé’r';rc%%tg”-‘
i W
?E&atnel 100~ 105~ 170~
Quality Payload Source Digital/
Aggregator — Maﬁager | Decoder [ C‘;‘REL“ N
50~ ¢ I Y
120~
—1 Channel Manager
—» Speaker

79~ 73~ P

|| Channel i
Solactor «»{802.11 Chip
aster ave
“

190"




US 8,442,019 B2
Page 2

U.S. PATENT DOCUMENTS

6,633,482 B2 10/2003 Rode
0,772,212 Bl 8/2004 Lau et al.
6,813,528 B1 11/2004 Yang
6,830,160 B2 12/2004 Risolia
0,925,180 B2 8/2005 Iwamura
7,079,516 B2 7/2006 You et al.
2001/0008522 Al 7/2001 Padovani et al.
2001/0048691 Al 12/2001 Chang
2001/0048748 Al 12/2001 Van Ryzin
2002/0003792 Al 1/2002  Schmudl
2002/0052201 Al 5/2002 Wilhelmsson
2002/0072817 Al 6/2002 Champion
2002/0094797 Al 7/2002 Marshall et al.
2002/0155860 Al  10/2002 Tordera et al.
2002/0188723 Al* 12/2002 Choretal. .................... 709/225
2003/0007473 Al 1/2003 Strong et al.
2003/0022672 Al 1/2003 Yoshi et al.
2003/0054829 Al 3/2003 Moisio
2003/0059022 Al 3/2003 Nebiker et al.
2003/0067901 Al 4/2003 Schein
2003/0073432 Al 4/2003 Meade, II
2003/0198015 Al  10/2003 Vogt
2004/0137849 Al* 7/2004 Kloperetal. .............. 455/67.11
2004/0151327 Al 8/2004 Marlow
2004/0162029 Al 8/2004 Grady
2004/0224638 Al 11/2004 Fadell et al.
2005/0049002 Al 3/2005 White et al.
2005/0147951 Al 7/2005 Rohrbach
2005/0191964 Al 9/2005 Hundal
2005/0289224 Al  12/2005 Deslippe et al.
2006/0012488 Al 1/2006 Hilbrink et al.
2006/0127034 Al 6/2006 Brooking et al.
2006/0233191 Al  10/2006 Pirzada et al.
2008/0022305 Al* 1/2008 Thompson ............cccceeunn, 725/39
FOREIGN PATENT DOCUMENTS
EP 0784386 A2 1/1997
EP 0692882 A3 5/1997
EP 0909112 Al 4/1999
EP 1096717 A2 5/2001
EP 1107624 A2 6/2001
EP 11245339 A2 8/2001
EP 1130858 A2 9/2001
EP 1146775 A2 10/2001
EP 1 195 931 4/2002
EP 1267523 Al 12/2002
EP 1271853 A 1/2003
EP 1107624 A3 3/2003
EP 1 624 446 2/2006
EP 1 635 607 3/2006
JP 2001275194 A1 10/2001
JP 2003152613 A 5/2003
JP 2003-196919 7/2003
JP 2006-026271 8/2006
WO W094/03002 2/1994
WO WQO97/29550 8/1997
WO WO 99/09669 2/1999
WO wWO00/76272 A2 12/2000
WO WO001/52436 Al 7/2001
WO WO 03/008060 1/2003
WO WO 03/075556 9/2003
WO WO 2006/065228 6/2006
OTHER PUBLICATIONS

Chiasserini CF et al, Coexistence mechanisms for interference miti-
gation, IEEE, Conference on Computer Communications 21st, New,
NY, Jun. 23-27, 2002, vol. 1 of 3, Cont. 21, Jun. 22, 2002, pp.
590-598.

Kato M et al.: “Experiemental Assessment of Media Synchronization
Qualityin IEEE 802.11b Under bluetooth interference” The 14th

IEEE 2003 International Symposium on Personal, Indoor and Mobile
Radio Communication Proceedings vol. 2, Sep. 7, 2003, pp. 2683-
2689.

Young-Hwan You et al: “Performance of simple timing synchroiza-
tion and DC-offset compensaton schemes for a short-ranged

bluetooth network™ IEEE 2000 Conference vol. 2, Sep. 18, 2000, pp.
1320-1324.
Johansson P. et al: “Bluetooth: an enabler for personal area network-

ing”’. IEEE Inc., NY US, vol. 15, Sep. 2001, pp. 28-37.
Wu H et al: “Integrated Cellular and Ad Hoc Relaying Systems,
ICAR”. IEEE Journal, NY, US, vol. 19 No. 10, Oct. 2001, pp. 2105-

2115.

Tin Yu Wu et al: “A relay scheme for incapable nodes within a CDMA
based IPY6 network using ad-hoc mechanism” Information Technol-
ogy Research and Education, 2003. Proceedings, ITRE 2003. Inter-
national Conference, Aug. 11-13, 2003, Piscataway, NJ, US, IEEE,
Aug. 11, 2003, pp. 142-146.

Bilan APPS: “Streaming audio over bluetooth ACL links”. Proceed-

ings of the International Conference on Information Technology,
Computers and Communication I'TTC 03, Apr. 28, 2003, pp. 287-

291.

European Office Action, Nov. 22, 2007, Application No. 04 103
624.5, 4 pages.

“Altec Lansing inMotion 1IM3 User’s Guide,” Altec Lansing Tech-

nologies, Inc., Copyright 2003.
“Bose Link AL8 Homewide Wireless Audio Link Owner’s Guide,”

Bose Corporation, Copyright 2005.

“Bose Link AR1 Wireless Audio Recerver Owner’s Guide,” Bose
Corporation, Copyright 2005.

“Bose SoundDock Digital Music System Owner’s Guide,” Bose
Corporation, Copyright 2005.

“Creative Home Kit—Jukebox 37 [retrieved on Aug. 8, 2005].
Retrieved from the internet: <URL: http://www.creative.com/prod-

ucts/product.asp?category=13 &subcategory=>57&product=497
&nav=0.

“Delphi SKYF1 Audio System,” XM Radio [retrieved on Aug. 11,
2005]. Retrieved from the internet; <URL: http://www.xmradio.com/
catalog/print/skyfi_audio_ system.html>.

“Emerson Radio Personal CD Player—Wireless Transmitter,”
Emerson Radio [retrieved on Oct. 3, 2005]. Retrieved from the
internet: <URL: http://www.emersonradio.com/SearchDex/10791.
htm>,

Jacobson, “NuVo’s Wireless 1Pod Docking Station for Multiroom
Audio,” Talk About CEDIA, Sep. 5, 2006 [retrieved on Sep. 22,
2006]. Retrieved from the Internet: <URL: http://www.
talkaboutcedia.com/article/10246/1t” s>,

“Philips Wireless Music Center,” Sound & Vision, p. 54 (Jul./Aug.
2006).

“Sirius Satellite Radio Sportster SP-B1 Boombox User Guide,”
Copyright 2004 (Rev. 1, Aug. 2004).

Office Action dated Nov. 3, 2006 from China Application No.
200410056682 4.

Office Action dated Nov. 2, 2007 from China Application No.
200410056682 4.

Partial European Search Report dated Nov. 19, 2004 from European
Application No. 04103624 .5.

European Search Report dated Feb. 9, 2005 from European Applica-
tion No. 04103624.5.

Examination Report dated Oct. 28, 2005 from European Application
No. 04103624.5.

Examination Report dated Nov. 20, 2006 from European Application
No. 04103624.5.

European Search Report dated May 15, 2006 from European Appli-
cation No. 05113075.5.

International Search Report and Written Opinion dated May 29, 2008
from International Application No. PCTUS2007/077000.

Action and Response History forU.S. Appl. No. 10/640,215, through
Jun. 25, 2008.

Chinese Patent Office First Office Action in counterpart Application
No. 200610004211.8 dated Apr. 28, 2010, 6 pages.

Japanese Patent Office Action 1n counterpart Application No. 2004-
235163 dated May 25, 2010, 8 pages.

Chinese Patent Office Action 1n counterpart Application No.
200610004211.8 dated Jan. 31, 2012, 6 pages.

Japanese Office Action in counter Application No. 2006-026271,
dated Jan. 10, 2012, 2 pages.

Second Chinese Office Action 1n counterpart Application No.
200610004211.8 dated Nov. 1, 2010, 7 pages.

* cited by examiner



US 8,442,019 B2

Sheet 1 of 24

May 14, 2013

U.S. Patent

L Ol4

one|S
08l

loyeadg
0cl
_m%%_vmw_mo 18p0a8( labeuep]
/leybig 92.n0S peojfed
0Ll GOl \-001

lapoou3

19Zl}9x0ed aoeLIau]
UO10all0D i
lod3 °( SSO[aJIM
08
lojewn}s3
Ajlenp [puueyd

L
10}00}08

[pUUBYD BABIS

/\ /\
0517 2/ \S “or

061

\&
f 0v i19)se|\

0L

10}09[8S

diyo 11°208 jsuueyn

Jlabeuep |Jauuey)n

J0)ebaibby
Ajlenp

jsuueyd

IEYGRITE

aoeLa)u|
SSojaJIM 19Z}9x0ed cowwm._m..__ 09
19p0o)
90IN0S
G 091
|



US 8,442,019 B2

Sheet 2 of 24

PIOAA
°9P0D |
5 O
O
O
O

U.S. Patent

¢ Ol
¥ 040 2040 L O¥D

INEININ gelaneek

¥ 19)0€Ed Z lJooed | 19)0ed
-qng -gng -gng
MN mV_.I._ lJoyoed | <N mu_n_
= uwnjon | DJOAA

obessa|\ |

= MO l = MO
Mo 0000 [O[0]  [OO - O™

O O O -« |O] O O O = O

O O O - O O O O - O

O O O 00O O O - O

O O O |0]O O O = Q
OQUIAS v

SMOY¥ /LI ‘suwnjon 71 SMOY /Ll ‘suwn|on g



U.S. Patent May 14, 2013 Sheet 3 of 24 US 8,442,019 B2

190 \' 200 ™~
C Start >

210
' -

Organize the information into a first number of frames, each
Including a second number of packets

220
h—Y /

Transmit the packets in each frame from the master to the
slaves using a preferred frequency list

I r 230

The master aggregates and selects a subsequent preferred
frequency list based on transmission quality estimation
between all the master/siave pairs for both the preferred

frequency list and a set of probe frequencies chosen from

the potential frequency list.

240

Finished all frames?

No

260
Yes Y §'

(" en

FIG. 3




U.S. Patent

May 14, 2013 Sheet 4 of 24

290
Y 300

310

Select one frequency from the
list of base frequencies

320
Reset COUNT variable
330

Every 100 ms, use the selected base
frequency to transmit a sync packet
containing the timing reference and the
subsequent preferred frequency list

340

Increment COUNT variable

350

COUNT
exceeds a

threshold
?

No Yes

FIG. 4A

US 8,442,019 B2



U.S. Patent May 14, 2013 Sheet 5 of 24 US 8,442,019 B2

400

390
N

410

Select one frequency from the list of
base frequencies

420
Reset COUNT variable
430

Tune to the selected frequency and search
for a timing reference from the master
(sent as part of its sync packet)

440 M
450 Yes

Read In sync data
Sync

data valid
?

490 Yes
Read in subsequent packets from master

Still
getting good

data
?

NoO

Count

exceeds a
threg,?hold

470

Yes

460

Increment COUNT

NO

FIG. 4B



US 8,442,019 B2

Sheet 6 of 24

May 14, 2013

U.S. Patent

L-VS .mu_n_sm& ON 9@‘9‘%@

9 @

9¢¢0 T 22O T S¢CO

©  Pw Jre P
4d pd- 4d; pd 3d;'p
_

" ZZZZZLLLLL.LL, credl
! _M_M_M_M_M _M _M D _M _M_ _ﬁ.\x.yﬂ..o.“T on_zamw.w ozm.
| heoo0Z2soSoml.
| OQO1"I_ o0 =21 ® +
1621SSY 4 mm=) G 5O dOSA T - AN
9z IMNVL I mm © 6 doaN9 1 i -12Z0
A L2 CHNYL 3 Zz < D34 SA 0L
u_.o;“ TAR N ES OFUN 8 _II NS
_@mm.o "_wwimu_rm_m 1L00-0¥889Z mw_m.__m_nmwlm 4doo.Lt ddsp 1 Jdzv_ | Jdiy L. 4d2y
e LUING LOZN - 1620 020 G023 8020 L0020
HZe 1NO X1 ~anrs e _
: ol EENERES
2d0y B el gyl N I N S R | HOLY1 OMLNOD 4
N9 — T = N I I 28CdL_, \ COZdry o o -
geco | | [Tifseent 4 k] F— Fezdl_/ o0z Y9 IOMINOD 4
9€ 1IN0 dVY = z MO01D L H e7al S0zars 10 TOHLNOD 3y
W X X & Kt "
mmy @ c - __ !
< - A DI_Z 0 X| :
HIAVT NI % X0l 20 _ &Clo 0 _ A
1 X "
G0Z mooSSmEe'a 230 _ ansd
—~ Z Z -y A Xr-»2 ! 667
wlwlo'slns'slaln!nlnin UNO 192
(NS NOOOLANWAND~N® “ 4qdogy dMz ¥ /\ WZi v
AN-00ES NS - 612D 0220 (ONDO 19ST AX1l 4
. ISA 652
T = e e
rﬁﬂ _ FENReANE
6629 Z 11 lL1no g9 | 8Sdd
4dosi 107 ) J YA L
ONS 00-9£90927 JHSW U 4
LPZD 1370 11d” 3 56 L5c
092
4doze
ozwﬁ ASE+]
4°TAS | MSdD 4
AE'E+
4dee
6820 ] ADONYLS 3
_ pub ¢ _ Zeidl
¥ Indino indul
G ndino jnduy |



¢V5 Ol X WHOOOEOEOE

US 8,442,019 B2

4
. S _ .
zozn! S 0 ® ~ o NS  AaNS
wit i G5E58%
" 2R3 °C 6529
ANO ds A | LN z
Jdlt ane | L L 1S ofe ~
LLVd A C 5 5 aND G %
262D ! - -, - - -
! ZL VYd ZA L LNO HOLIMS ¢ L7
- T £l QNS Z LNO HOLIMS € NO
o PV LA HOLIMS Y 2| .
- GL ON ~ NO XY | ¥620
I~ < & )
- 2 > 4d2°Z
& NS 4dgg C 2 1
= W.|_ £ 5 & 2629
& 99220 ®» © 5
ozm_ :
aNo
e
Y
— AN-1SZD
S
.4-.;
y—
>
=
4do} —— 4d0001 A
6820 ans

L0ZNZ
N A0S

ND b+ A AN-86CY

U.S. Patent

AN-0620

9@



US 8,442,019 B2

Sheet 8 of 24

May 14, 2013

U.S. Patent

e-V4 Dl A

NS o)
. — 1310H I1dWVS 4
02€9D “
. “ 18ST axy 4
31L0°0 0S| Jdoozz-L
W2V £9¢O “ -
70 95¢dL 6824 = 1439 axl 3y
0SZdl 0Z2YH 001 "
£6Zdl " IASIN~aX1L 4N
KAAY “
43413 0} pi2dl
E 6vZdl glZM
A\ ME'vZ - Q0G
aND E aNS . )
. csZdl " N |
e+1 _ 1 LvZd.l 91eY mmiméz o PP _
v 802N 1434 1X3
aNS oz% AN-Z9ZD . L3
4dgg Jrigoot [ 4 AN LU aNS
8220 +mmmo woo | | |ANOL r i 119070
" 4%
PrZdl A A Lzdr e¥edl | bvedl oww _ 0
1829 HUQSE _”_ . ano T ] | o5z "
4404 ¥ 4.900°0 | W 1noO ag]
0£2D L2ZO AN-1L€0 £\ ' N\E"E+ O ©d "
- aNo e “
asi ax 4l "
M7 10edr 001 AN-PLED| zbiexvw
wyog €  AaNS] aNo© 902y e A4S 802N,
662 $0Zd1 AL
4dge 1 4dp0s2 3
AN 152
£eCO MoL < MOl
esed Sesedl  cozdi
AN-LEZD | 0L
602d.L -
asT axy J4¥|
20Zdr




US 8,442,019 B2

Sheet 9 of 24

May 14, 2013

U.S. Patent

P-vG Ol4d

VNN LNV

B — PVAaANVY aNS (NS AN-GLZT
4dg-|L 29dS

d
>TA RS 2o /\ Jdot \ 44/}¢
CNO NS LLED
mozo _ 4dz ¢

98230

91 BDER pZED

4dg} MEC-£9 HV8
1no NI 4

102d
ZHOGY ¢
AVAS

£8¢0

aNoS
19dS
ANSD QaN9S
d 4d.f
e GLED
AC0-88HYE
)
¢ 20¢Q ‘
4dg-|
652D W_W_zo
/ )\ <4dee
aNS vLED

X WAL

aND

442 v W/2
1620 S zZL2y



_-— s am Em E— EE EE Em e o EE s G S AR

L al IAVISI
0 A 3AVISI

US 8,442,019 B2

1-dG Ol

/N

4doool 4d000}

“
| B = | 1X3 NI Viva dv.i3
| Z diL €08dl \[ZRY
m £_ONI V¥ ] 1X3 1NO Viva dv.3
| P..w\mmwmw 108dL 208dl Y
" a1 ASNOHI ME_,
" 2 al AVIS! R e e e _
: : /\ A
R V[ ONS] « ON© v v v 7
viG-- "
! eozogY H00LS  Y00L S 4dooce 400022
-+ | " PridS Shid L0 .0
mu " " Hw ¥ lybiy B
I ! ole
S soir o R " S DD [T et
— WyOO 90-9£909¢ 300001 | 051 -
= N10AF—AA—I TVLX3 eviO T S0L98S o ™ o AN——1 a7 Boteuy
2 663 L 0EE "
= 1X3 VYiva Undsl
7 QNS Wyoo vy S08dL ey
2Z8dL oogy 128dL anST
T LS ano aNO
. “ g 80.9S
— | S J NI NI VLVA UMdS GNO
D " 8y Ve0LD 90295 05
- _ % 506 LANIN 60LDS
o " 3 !
n_nvaJ m LLld ! ljoy Dojeuy
= m S 0LG--
ME'€T = 9ABIS ' SHO0E " ”
H0E = JRISBN 6LLY: S6L2d ob _ ONO "
“ " 7
N | |seeeose y“ e HNOSEL'0Z
_ 000 JANI LNO VIVA S _.|._ _
m | mwoe.n_ w4 €18d1 "
A _ Y " bOLA 0EE
~ 1X3VIVA HNdSH mw><m N 20LY |
S R | MGOL "
- b7C , a 104 | _ B
. ="t Ao oAE) . _ — 140070 WISAND
S. "m_.m.ﬁ.m_.:m_m.m:%mw::“ ¢l5



c-dS 9| cz_mg_g.o . az%

US 8,442,019 B2

1M3ANI dV13L vozo 004Y
ada dol
/ \ 1dd 404
aNS RO I A FO N I A I 5 O O S
" NNB3333530 0 “
“ S i M "
” 0000Cg32z0000 “
%01 A powoo Y% »>y "
6v.LY QNO ! NWwhHhoo D ;W “
o “ L a “DZ
Q¥a"dO | — €2 e on aND L}
=t - I._ ve aN9 IV On O "
N JAHA O | ———Hsz_olg on O/ IJA 6
— PZ_IZ_Iﬁth |W_u__n._w | 1 NNImmIO\_ 1006100/ SN.L md‘lﬁ.\_lh
- INITNITVLVA dVL3 e e l8ecseon S0/ 8v O/l 9
< A — 6¢ O/l J0A Y Ofl §
W UND 0€ AND aN9 ¥
o oye 1 IaL ~ea O/ e b
= i L€ g8 o ov on el
7 stellismt r{z€_ve_on oql, _Sv_oi_ef
el HecTes ol QLY ON L1
“Wrva o sorr " m
1X3 NI vivd dvi3 GL/M AEE+ 01-9€909¢ ! _— 0 OO0 "
3 & I Sy, e, I ;
oy “NIVIVC AE'E+ " PPl ,8L<9°° _
- INITNIV1VQ dv13 C _ DWZXRIXA R 2> !
o~ : N = Do 100 O =N W :
| T N e R P N !
-t : RooNodcolbnvwd “
. o T T T
> .
m --0¢S
S 87 |43
m - w x W_d
§6£€952 o 5 _m 'z
< 10D INI LNO Viva dvi3 N -
= O AdNO 20 m
Z
< —
P 89LO
AEC+
) .
-

AN-€0.LO

BEANPMSS] LpLO AEEAL OND  Jdgs  Luyog )
NI"¥MdS 438474

12 M100
rAE e

IS XN 4
1GL



US 8,442,019 B2

Sheet 12 of 24

May 14, 2013

U.S. Patent

[£1-0MVI

[eZ-0]al

©

oLl Z£idl 88
N wela o8
2Ly  ot£idl 6
[ELlv £6

[¥1] gzZldl 14°,

<

[Si]v lZidl L6
oL v 0zZ/dl 86
[2L]v 62ldl 66

[0la veldl

©

OLvY
LY
43
eV
1434
GLY
oY
LLY

A Gol

[ela 1Zldl

ila 0Z.ldl 901

(Sla 6Lidi A

[9la 8Lidl 801

(Z]a Lildl 601

lm_o gLidl 0Ll
[6]0 eIl

6 Glidl

oLla bLidl

vt
[ZLla zlidl ol

D Y TR

vLla OLidlL g1l
SLla 60.dL

- L 4
[9Lia 80.LdL

_ 144}

[81]a 90/d1i

[xdie 104d1

¢d
Xe
128
Sa
90
10
ed
6d
0Ld
L1Q
A8
£id
1458
GiQ
Sid
L1d
810
610
020
74¢
¢cd
£cd

1=08 Old @

LOLN

DYYH

SMH

QuH
OdlH

OVvH/ISON
vas/OSsiIn

¢YH/SS
™ISMIS

QJH

L 01as/L sOQas
1 1L1as/L $Oas
I HS4

1 UMOS

AL

L IMOS

olas/soas
LIas/POAas
21as/e0aqs
€14s/20as
L 10ds/L0as

L 00dSs/00aS
HUMOH

1A0H
MOS8
JIAIS

dsd
1S4

oay
)

00l1L

£Z 61201 co7 ] _ _
YTV _IEW._ ._oEzwo 4
AT v_._w ._mmhzoo 4
¥Z az2aL W NO X1 Jd
X7 mw_,,_o
edl
-
3dg9
€ 1910
..>m.m+ o
mww clldl JasT axy 4 ocsal °
TR TR Vv
TR TRk . aNo
05 01701 JIAINMA dD
€S 69/d1
T goraL | vAva vaay
TRV TRAL mm:o_._..
T 9901 _mmzuoxmu 4
TV _ummngnmm
S oL _mmzuax{_wu_m_
b ea 08T aXL 3
E I MTOW
91 29/dl
) 192d1
a0 1 1104
L I M104
¢l 09/d1
AT _ouam.m>3m
T TRE AL
T TRALELL

A

A
aND

poLr
¥0-9£909¢



¢-O0G Ol

US 8,442,019 B2

dOOAL
VXL e o
0SLAdZ9EISEON 41240 41} 0
Z29LD €920
O aNS
161d1
V.LXd u__.:‘o
GS
dvod | M0} 1219
JAN/LINIG AE'E+
19 gpldL 948 - F
nzob v ¢ildl A pLiN
~ aoYaaow | INI"318WY3nd 3y | ONO
o PEL G6idl
— dM] 79| M OHI/DAON
S b R T
= au S0MY/AA0N | ST NI VL3
@ 40k & ag o |25 EBLdL 57
_
- . bG /N - YOIV TeT e, 1dSa NI ¥MdS
D AE'e+h —~1 24 -
7 cg| & MOL
E .
¢9 SV oaL
¢S 1L
o] SSWH/CVV oVl €6/d1
= v go| WY OvH 1370 Md v1-988092
— €€ 164d1 ;
™ i 0z| AL/OVY LVH ) MSdO ™3y
- ov oV | VLvO JOYLNOD 4 (AIA V SI LI}
) [olv Zvldl L v oan L€ B8LdL " 201 40 8 Nid WML
3 TR T Y 0 |55 G INT L0 v ks
S [elv OvldL 9/ o ) Zv 187gL VLHIANT WidS
|
W wla 7] COH |y NN VYT
!
[blv 8€ldl 87 o oo ATV _Em>z_ dv13
(s sedl 6L IE yg/ay dn dMd vaav
By oeldl 78 NM MM“ TR "is_ <M....
ASANVLS Jdd
[1]v Geldl €8 o . an G€ 78.dl - _
[8lv veldl 8 o o e 180l _c._m_._ ..m..._n_E,qm 44
_
Bl ecldl S8 OF 0gidL O Xd 3

© © C)

U.S. Patent



US 8,442,019 B2

Sheet 14 of 24

May 14, 2013

U.S. Patent

aND

J1.40°0
G540

AN-8CLD

41/+0°0
$GLD

AN-GC.LO

J124$0°0
€60

AN-¥Z.LO

£-0S9 Ol

412400
251D

AN-€Z.O

41/%0°0
1SLO

2a3an
y
uaaib 7
$0.Sa
108dL
Ml
GSlY
NE T+
41400
05D
AN-22.D

133 0Q31
/¥ / y
MOJJoA 7 MO|[oA 7 usalb 7
€080 10,80 20.SQ
0i8dl 608d1L 808d L
Ml Ml Ml
Z6.Y LG/ 0S¥
AE'C+ AC'E+ AL+
4M12$0°0 7400
8PL0 | AN6LLD
6VL0 | AN-022D
AN-12.D JO02A
1dDIA
IHOOA
| VOOA
1SOOA
[
D ieee
IJJOA
AG L+ AEC+
& &



US 8,442,019 B2

Sheet 15 of 24

May 14, 2013

U.S. Patent

r-0% Ol4

STASEN

OND

m

_ /\
At m+. CINS

dOOA|

G EEREINREE

1028] 7\
NS

ABL+
®

m
©

A8'L+
C

AEE+
®

!!
™

¢SAND
ISAND
¢SO0A

7 LSJOA

T ddNS

T dOOA

) YOONO
€DAND

¢OOND
] LOAND

] FTOJDA
T £TO000A
¢1020A
L TODOA
tHODOA
¢HODOA

LHOOOA

6

O
o

o
Ol

0SIAdLOEQGHON

/ \
NSO

0 [ N o O o A N o N A O I N I A N o Y O B O B
LEJS 0EDS 62OS BZOS LZOS 9208 S2OS ¥ZIS €20S 2¢IS 1Z0S 0ZIS 610S 8LOS

Dzot

”
|
HANS 5E
:
|
|
HOOA wm“ ~
m ONDS AL'C+
YOaND 0cL W
e TR
e 1D
LAAND =
e G
el TS
ew L
L J20A
€L, A
. NS ..>m.m+
ZDAND _
OGNS |t
CO00N [—ggr
LIJ3A _
hm“ A\ .
¢ NS AL E+
s
tYONS
KD
e LT
LVANS mn.
el IS
e
LVOOA
PL!  ¢evidl
AL'C+
&

— ik =i fey bW = A AR

- R P A e sk A S R R S S e P R R e ol B B e e ek B B ik ke B B B R S g E m ar Wr W OB BT O I O S EE EE .



US 8,442,019 B2

Sheet 16 of 24

May 14, 2013

U.S. Patent

311’0

0€LD
Euls])
6€1D

AE €+ C

dg 9lid o “
_ |v__|_0m _ _
dN ¥Md vaav | “
_M104 | ”
...................................... viva vaav ——— "
m A _
o 0l ¥lNOY  sda / .
4o - _ _ --III
' 98/D — L 1LNOV 3LNINS 9 EIGTE < - | E 0¥ OA \._
“ ) — 8 S o |
" I R i 4 — s moani
TR 1 vl aaA 1LAS € i €} NOd WOQA ¢
960 LA ol 2 IL " R
“ 91 4za MTIOW | “ g UL Ve
I | ) :
. NG+ C 08EYAV . % % “ _ 91 1SL1 | Hulv |
SRRt oLin  4™10°0 41100 . 08ESIE
410F, AN-29.0 AN-€9.20 , | AcEs SLiN
yoT Bojeuy ] - "
peLD 4 . !
non -. £28a ) .V m.w. ]
bRy Bojewy 1) " o0l =920 "
21 1 Y "
joy bojeuy | _ _ .
1
vy e e e ee e e e m - --—- b
m
L | T S
LBUZELZNIN
| LN
\ Q9. “
I /
” m
" .
“ 0£8d.L
" MES'E
4 69/
_-T T LaYZELZAMN 4 |
Ot | wyoo ! LLIN
\ Ajuo aaes
! U0 sjeindod ¥9.LY "

L OER s Ak A e W O AT AT O S EE O A S wh W W I D A A A B M el e e e mme . e o Emm mpe mm g e s e wmr s e

M0
LELD

u_&.o.H

AN 5

Ajuc 191N
uo sjendod

D

N i ek ks e e e T EE . W T T T I S B S A

N

¢l +

--82G

4110
G9.D



US 8,442,019 B2

Sheet 17 of 24

May 14, 2013

UNO

e @@
>

L-4G Ol

NSO

U.S. Patent

SSA™ ZL SSA ¢
g7 6¢ uM | g] 6¢ -
g0 oy . — v A0 gn oy
..>m €+ 82 ON
L OV
L ONl 2 ! i Z LV L Ol 4
o AL ey o g —loa°
e b— W’ A vy oy L
om0y b— 8ua A e oo oo lda
core L eda v ] ey o/l !
o —o da’ (s | ey /bl
ey b ta L ety one b sla
8 O/l 9 |mw' ﬁ 12 8Y 8 O/l 94 !
6 O/l 62 2T 6V 6 O/l 62 !
0L O/ 0t ‘i £Z 0LV 0l O/l 0 !
LW Ofl 1€ ‘__HI 7R LL O/l LE Imm'
2L Ofl 2¢ i 67 2LV ZL onee Iﬁum'
€L O/ S€ ‘mmi 9¢ eLY €} O/ ¢ Iﬁm'
bL O/l 9€ i XAR AN bl O/l ot !
GL O/l /& ‘i Z¥ SLV Gl ON L€ !m'
01 Ofl 8¢ ‘ﬁ ey oLV 9l O/l 8¢ Tl
PA L [21lv it -
@ 29A €€ 0A 11
Eomﬂmwmmm 4Y2$0°0 W_Vn_zo ozoﬁ AN-8SLD 100-¥6989C 41.%0°0 m_vazo
LN
AEE+C 09.D AE'E+ C AEE+O 1940

O I
e .. | [L1-0lv



UND

US 8,442,019 B2
™

[0V

Sheet 18 of 24

May 14, 2013

N~

LIV

n_zow AN-95.3

AEE+(

U.S. Patent

HZ00A 162NV

eLin

ANS)

AEE+C

¢-4G Ol

412400 m aNS

65.0

[1}{e
[Llg

_

Ll

d

/\
aNO

SSA V€
| 3 80
TA=TY
I U gyt

82 ON

oV ﬁ?
w1
[Z2lv m...m,q
v b £V
v A
Ty 8 P|m<
61 9V
0 LY
L2 8V
ZC 6V
€2 0LV
b LIV
GZ CLY
9z €LY
17 vV
Zv Sl
£v 9Ly
b LY
20N EE
anST AN-2S.0

T

AL'E+(

&

8 W

Q@ ©



US 8,442,019 B2

Sheet 19 of 24

May 14, 2013

U.S. Patent

D

41028
GSLD

S

OvvZi4d|
€S1L0

VIS

€Sid /N
GNO

0c
LS

9Cldl

.“._ ¥S10
Fh 0/AvE

-

v

véldl

4100022
¥S10

£-4G Old

N0L
14212

=

POGELHNIN
WOl 4189

9

gGLy Elidl

ACL
SSLY

001

261y 82ldl

5L
AE'E

41oze
LSO

¢eldl

1GLD
906t 19NN

lZldl

L00-119/81 r

10144

+




US 8,442,019 B2

Sheet 20 of 24

May 14, 2013

U.S. Patent

AQ'G+

41240°0
0LLD

Lildl

Nnso18.
geoLn

aNO

31001
601D
+ Mmoyss

P-45 Old

ONO ANO A
AND
4rigee

AN-801D !
€010 NS
>m.$.. A Z N0 NI €
20ldl AiTNe
a810-0£289¢
azm.HD_r oz%
410001
AN-G0LD 7013

-4

ACC+ b
L0Ldl 0

A - Emmm“_v_b

GNS cdd dOi NS

3 3
poseLawn W ZhidL 04V yO6ELENIN
900 A AT ]X

o i 0

Eildl oldL

OND NS
AN-P0LD LOS
£0ldl
60Ld) 0LV -
1L Hd dO
d yoLe 240Ldl

mommhmmﬁ.mg womm._.mmﬁ._\n,u_
it R

4001

101

8010
+ AHMoyss +1 Amouyos AN-Q06Y

AQ'b+

D=



U.S. Patent May 14, 2013 Sheet 21 of 24 US 8,442,019 B2

610

62022)

650E

FIG. 6

710

Linked to

other Qodes

Wait until not linked

730 No
Listen for activity
in assigned band

740

Activity
found
?

NO

750 Yes 760

Instruct channel
manager 50 in the
master 170 to
exclude frequencies
where activity found

Instruct channel
manager 50 in the

master 170 not to
exclude frequencies

FIG. 7



U.S. Patent May 14, 2013 Sheet 22 of 24 US 8,442,019 B2

3

Walit for allocated
time slice
82
Master 170 suspends
transmission
82

Listen for activity

830

10
5
0

Activity
found
?

NoO

Yes
840 850

Instruct channel
manager 50 to

Instruct channel
manager 50 not to

exclude frequencies | | o de frequencies

where activity found

FIG. 8



U.S. Patent May 14, 2013 Sheet 23 of 24 US 8,442,019 B2

was
the button 650

pressed
?

Yes

910

Ask
802.11 chip 73
If a network is
pregent

Yes

No

920
Tell 802.11 chip 73 to
connect to network

930

Ask 802.11 chip 73 what
channel network uses

940

Instruct channel
manager 75 to exclude
corresponding frequencies



U.S. Patent May 14, 2013 Sheet 24 of 24 US 8,442,019 B2

Channel manager

____________________________________________________________________

-------------------------------------------------------------------



US 8,442,019 B2

1

METHOD AND APPARATUS FOR AVOIDING
WIRELESS AUDIO SIGNAL TRANSMISSION
INTERFERENCES

This 1s a continuation-in-part of U.S. application Ser. No.
10/640,215, filed Aug. 12, 2003, and incorporated by refer-

ence 1n 1ts entirety.
The description relates to wireless communicating.

BACKGROUND

Wireless communicating 1s utilized 1n wide ranging appli-
cations, for example, in cellular phones, controlling devices,
and exchanging data signals among two or more devices.

DEFINITIONS

Master: A node on the network that 1s 1n control of how
communications will be managed between 1tself and a
set of slaves.

Slave: A node on the network that communicates with a
master.

Primary Data: The information that 1s presented to the
master for the purpose of reliably transmitting represen-
tative signals to one or more of the slaves.

Ancillary Data: Data that 1s presented to a master or a slave
represented by signals to be transmitted to another node
on the network, with possibly poorer reliability and
latency than that of the primary data.

Management Data: Data represented by signals that are
transmitted across the network for the purpose of main-
taining the performance of the network.

Transmission Parameter: A controllable characteristic that

alfects the performance of the communication system
(for mstance: signal power, center Irequency, modula-
tion technique, phase, antenna direction, antenna direc-
tivity, antenna position, signal polarization, time slot,
equalizer setting, chipping sequence, and other charac-
teristics).

Transmission Configuration: One or more transmission
parameters with an associated value (e.g., signal
power—200 mW, center Irequency—2450 MHz,
Modulation technique—4FSK..)

Transmission Quality Aggregation: A process whereby a
node, such as the master on the network, develops its
transmission quality estimation based at least 1n part on
the transmission quality estimations of other nodes in
the network.

Preferred Configuration List: A list of different transmis-
sion configurations that are used or intended to be used
in the short term for transmission.

Preferred Frequencies: Frequencies of transmission
included in the transmission configurations of the pre-
terred configuration list.

Potential Configuration List: A list of transmission con-
figurations that are not used nor intended to be used 1n
the short term for transmission, but could potentially be
used at some point 1n the future for that purpose.

Potential Frequencies: Frequencies of transmission
included 1n the transmission configurations of the poten-
tial configuration list.

Packet: A collection of data signals that are transmitted
contiguously using the same transmission configuration.

Block: A collection of packets containing data signals that
together can be mdependently decoded by an error cor-
rection decoder. A block will preferably be transmitted
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using a variety of transmission configurations so as to
average out the effects of localized channel degradation.

Frame: A collection of blocks and management packets
that are transmitted using the preferred configuration
l1st.

Stream: A contiguous flow of data bit signals that together
represent the information from a single source (such as
audio from FM radio or a CD player). A stream can
contain more than one channel (such as left and right).

Signature: A characteristic emission of a wireless system.

Wireless system: A single wireless device, or multiple
wireless devices capable of communicating wirelessly
with one another.

Other terms are defined in context 1n the body of the speci-

fication.

SUMMARY

In one aspect, in general, the invention features a method
comprising a second wireless system determining a fre-
quency of active operation of a first wireless system, and
communicating wirelessly on the second wireless system 1n
the vicinity of wireless communication on the first wireless
system, the wireless communication utilizing a spread-spec-
trum technique that excludes the determined frequency.

Implementations may include one or more of the following
features: The determining 1s done at a time when transmis-
s1ons from the first wireless system cannot be detected by the
second wireless system. The determining 1s done at a time
when transmissions from the first wireless system do not
impede the functionality of the second wireless system. The
determining 1s done at a time when transmissions from the
second wireless system do not impede the functionality of the
first wireless system. The determiming 1s done at a time when
the second system 1s not transmitting. The second system
comprises a node, and the determining 1s done at a time when
the node 1s not transmitting. The determining comprises
receiving from a user mmformation associated with the fre-
quency to be determined. The information comprises an 1den-
tification of a communication channel of the first wireless
network. The information 1s received through a manual user
interface. The manual user interface comprises a button. The
manual user interface further comprises a visual indicator.
The determining comprises detecting activity of the first wire-
less system. The determining comprises connecting to the
first wireless system. An additional step may be added of
deriving a channel of operation of the first wireless system.
The determining comprises recognizing a signature of the
first wireless system. An additional step may be added of
suspending wireless communication on the second wireless
network, and during the suspending, determining a frequency
ol operation of the first wireless system. The first wireless
system comprises an IEEE 802.11 wireless network.

In another aspect, in general, the invention features a
method comprising maintaining for a second wireless net-
work, information about a frequency 1n use by a first wireless
network, communicating on the second wireless network
using a spread-spectrum technique, and controlling the
spread-spectrum technique to exclude the frequency associ-
ated with the maintained information.

Implementations may include one or more of the following
teatures: The mnformation 1s updated periodically. The infor-
mation 1s obtained from a user through a user interface. The
information 1s obtained automatically by observation of the
first wireless network.

In another aspect, in general, the mvention features an
apparatus comprising an identifier device to determine infor-
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mation about frequencies 1n use by a first wireless network, a
transmitter device to transmit using a spread-spectrum tech-

nique, and a controller to cause the transmitter device to avoid
the determined frequencies by the second wireless network.
The 1dentifier device comprises a manual user interface.

In another aspect, 1n general, the invention features an
apparatus comprising means for determining information
about frequencies 1n use by a first wireless network, and
means for avoiding the determined frequencies by the second
wireless network using a spread-spectrum technique.

Other features and advantages will become apparent from
the following description and from the claims.

DESCRIPTION

FIG. 1 shows a function block diagram of one implemen-
tation of the invention:

FI1G. 2A shows the data signal structure from the output of
the payload manager;

FI1G. 2B shows the block structure from the error correction
codec;

FI1G. 2C shows a CRC protected packet structure;

FIG. 3 shows the flowchart of system operation procedure
of one implementation of the imvention;

FIG. 4A shows the flowchart of operation procedure for
network acquisition at the master;

FIG. 4B shows the flowchart of operation procedure for
network acquisition at the slave; and

FI1G. 5A-1-3, FIG. 5B1-2 FIGS. 5C-4, D, E are schematic
circuit diagrams of an exemplary embodiment of the mven-
tion;

FIGS. 7-9; are flow charts illustrating exemplary processes
according to the invention, and

FIGS. 6-9; and

FI1G. 10 1s a black diagram of channel selector 75.

With reference now to the drawing, FIG. 1 1s a block
diagram 1llustrating the logical arrangement of a system 4
according to the invention. A master 170 communicates with
at least one slave, such as slave 180, via a wireless medium
(not shown). The system 4 1s not limited to one master or one
slave; multiple masters 170 can transmit to multiple slaves
180. For simplicity, the following description will be based on
an example of one master 170 and multiple slaves 180. The
slaves 180 are generally located in multiple distributed loca-
tions. The slaves 180 can be located 1n a plurality of rooms,
cach having a utilization device, such as a speaker, connected
to 1t. While this specific example relates to a sound system,
other applications are contemplated, such as video, multime-
dia, telemetry, and remote data gathering applications). The
slaves 180 can be battery powered and/or portable, such as 1n
a headset.

Information signals 160 to be transmitted from the master
170 to the slaves 180, such as digital audio information sig-
nals, are first processed by payload manager 10 to provide a
data unit signal to be used as mput to error correction coder
20, functioning to present information signals to a communi-
cation channel so as to reduce the channel’s negative impact
on data integrity. The master can further include a source
coder S for providing compression (an audio compressor, for
instance). A variety of techniques can be employed for audio
compression: for example, Audio Layer 2 (AC2) compres-
sion as described mm ISO/MPEG-1; AC3 Psychoacoustic
masking and Redundancy reduction. For example, for 16-bit,
2 audio channel, 32.55 kHz audio information signals, the

master can include a source coder, such as an apt-x coder from
APT—Audio Processing Technology (headquartered in Bel-
fast, N Ireland).
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The output from the Apt-x coder 1s organmized by payload
manager 10 into a data signal structure typically containing
one hundred seventeen Message Words with six Symbols per
Message Word and 4-bits per symbol 1n 2808 bits. This data
signal structure can be represented by a matrix having six
columns and one hundred seventeen rows, as shown in FIG.
2A. Each entry in the matrix 1s a symbol with 4-bits, and each
row 1n the matrix 1s a “message word” (a unit of input to error
correction encoder 20 which will be described in more detail
below). The output from payload manager 10 along with
some management bits (such as multiplexing control signals)
can be protected using a channel coding technique such as
error correction coding. The error correction encoder 20 maps
a message word 1nto a code word. Reed-Solomon (RS) cod-
ing can be used. For the exemplary RS coding in this example,
the bit rate of the output from the error correction encoder 20
1s doubled with respect to 1ts input. The output of error cor-
rection encoder 20 (a block) can also be represented 1n the
form of a matrix as shown 1n FI1G. 2B. Each entry of the matrix
1s a symbol having 4 bits, and each row of the matrix 1s a code
word composed of 12 symbols. For the exemplary audio
signal, the block as output from error correction encoder 20 1s
amatrix having 12 columns and 117 rows. Each column of the
matrix 1s defined as a packet having 468 (117x4) bits.

Error detection can be implemented by adding Cyclic
Redundancy Checks (CRCs) or checksums into each packet
after error correction coding. The CRCs can be distributed
within the packet so that it 1s possible to tell not only 1f the
packet contains an error, but also what part of the packet
contains the error. Specifically, for the exemplary wireless
audio home application, each packet 1s further divided 1nto a

number of (four, for this example) sub-packets (each has
1177-bits), and a 4-bit CRC 1s individually calculated on each

sub-packet (as shown in FIG. 2C). For the 4-bit CRC in this
example, corrupted data will have a 16 chance of falsely
passing. The CRCs are further multiplexed by inserting each
CRC close to the sub-packet it protects (either preceding or
tollowing the sub-packet). By doing so, the location of an
error within a packet can be better located. The output from
error correction encoder 20 1s then processed by a packetizer
25. The output from packetizer 25 1s transmaitted to the slaves
by the wireless interface 30 via one or more antennas 40.

From one transmission configuration to another, channel
capacity can vary due to factors such as path loss, multipath
interference, any interference other than the multipath nter-
ference, and nonlinearities. The system 4 can control how 1t
uses the communication medium by changing 1ts controllable
transmission parameter values. The system 4 can 1n effect
perform averaging over some or all of the controllable trans-
mission parameters to compensate for localized channel
capacity degradation. For example, localized channel capac-
ity degradation can sometimes be caused by multipath inter-
terence which renders some pieces of spectrum unusable. If
frequency i1s a controllable transmission parameter, the aver-
aging can be achieved by sending the primary data over a
suificiently large number of frequencies and relying on error
correction coding to repair the errors 1n packets sent over the
aifected spectrum.

Different transmission parameters are allowed to take on
different values. For example, the frequency parameter can
take on one value from the discrete set of radio frequencies
that are tunable by the Phase Locked Loop (PLL). For the
polarization parameter, the range of values can be the choice
of vertical or horizontal polarization. The transmission qual-
ity achieved for a certain transmission configuration can be
measured as the quality of the information signals recerved at
the slave 180 (when the information 1s transmitted using the
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specified transmission configuration). The transmission qual-
ity can be quantified by many metrics such as Bit Error Rate
(BER) which can be estimated based on information present
in the error correction decoder and from the CRCs.

For the exemplary wireless application, the communica-
tion channel between a master 170 and slave 180 1s the wire-
less medium with 1ts associated multipath characteristics and
interference sources. The controllable transmission param-
eter 1s the carrier frequency. The range of transmission params-
eter values depends on the selected frequency spectrum and
channel bandwidth. For example, for an RF medium in the 2.4
GHz ISM (the Industrial, Scientific and Medical) radio band,
the range of parameter values for the carrier signal control
variable embraces all the tunable frequencies within the ISM
radio band. The transmission configurations are the frequen-
cies that can be adjusted by varying the transmission param-
cter value (carrier signal frequency, for this example). The
following description 1s based on the exemplary wireless
application.

Referring back to FIG. 1, a number of blocks (each con-
taining multiple packets) from the output of error correction
encoder 20 can be further processed and organized by pack-
ctizer 25 1nto a frame containing the blocks and management
packets. The management packets will be described 1n more
detail below. For the exemplary wireless application, eleven
blocks from error correction encoder 20 and two management
packets are organized 1into a frame having one hundred thirty-
four packets.

The output from packetizer 25 1s then transmitted via the
wireless 1nterface 30 using digital modulation techniques
such as Frequency-Shift Keying (FSK), Quadrature Ampli-
tude Modulation (QAM), Phase-Shift Keying (PSK), or
Amplitude Shift Keying (ASK), from the master 170 to the
slaves 180 using the 40 frequencies on the preferred fre-
quency list. Since there are ninety-four tunable frequencies 1n
the 2.4 GHz band, this choice leaves fifty-four frequencies on
the potential frequency list. For this example, a frame con-
tains 102.4 us of audio data signals. A packet within a frame
lasts about 750 us. Error correction encoder module 20 can
turther perform interleaving in the time and frequency
domains such that each symbol 1n a code word from the error
correction encoder 20 1s distributed to a different packet (as
shown 1n FI1G. 2B) to be transmitted on a different frequency
from the preferred frequency list. The interleaving enables the
error correction decoder 90 in the slave 180 to average the
good quality of some packets with the poor quality of other
packets such that the original information 1s accurately recon-
structed. Interleaving can be performed over time, over ire-
quency, or over any other controllable transmission param-
cter. Furthermore, each packet within a frame can be
transmitted on a different frequency (transmission configu-
ration in general)—in essence, mtroducing averaging in the
frequency domain. A block as a whole 1s then transmitted over
a representative portion of the available frequencies.

The system 4 1s not limited to a specific form of source
coder 5 and payload manager 10. The basic function of source
coder 5 and payload manager 10 along with error correction
encoder 20 and packetizer 25 can include dividing the infor-
mation signals to be transmitted 1nto a plurality of data signal
units such as blocks for channel coding. The function can also
include interleaving. The use of modules payload manager
10, error correction encoder 20 and packetizer 25 are for the
purpose of illustration. These functional modules can be
implemented in one or multiple physical units in the form of
hardware or software. The invention 1s not limited to the
specific source coder (such as Apt-x source coder in the
exemplary implementation), specific structure of the data
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6

units (such as blocks and frames as illustrated) and specific
error correction coder (such as RS coding in the exemplary
implementation). The described data structures as shown 1n
FIG. 2A and FIG. 2B are also for illustration purpose only.

Also shown m FIG. 1 1s the slave 180 which can include
one or more antennas 150 along with the wireless interface 80
for recerving the information transmitted from the master
170. The recerved information 1s fed to the depacketizer 185
and then to the error correction decoder 90. The depacketizer
185 and error correction decoder 90 perform essentially the
inverse functions ol packetizer 25 and error correction
encoder 20. In the error correction decoder 90, each code
word of every recetved block 1s checked for errors using the
information inherent in the error correction coding, for
example, the RS coding and the CRCs. The symbols 1n each
code word will be flagged as correct or erroneous. It CRCs are
present, they can be used to flag a group of symbols as
“erasures” as 1s well known 1n the art of error correction
coding. The transmission quality estimation provided by
channel quality estimator 130 will be described in more detail
later) 1s sent back to the master 170 via the wireless channel.
The channel quality aggregator 70 1n the master 170 collects
this information for use by the channel manager 50 to select
subsequent sets of frequencies (preferred frequency lists)
used for transmitting primary data signals. The decoded
information from error correction decoder 90 is sent to the
payload manager 100. A source decoder 105 can be further
provided for performing essentially the imverse function of
source coder 5 for audio data signal transmission. The infor-
mation signals can then go through the digital/analog con-
verter 110 for the exemplary wireless application and be fed
to the speaker 120.

The modules 1n the block diagram of FI1G. 1, depicting the
system 4, (e.g., source coder 5, payload manager 10 and
channel manager 50, etc.), are logical modules that can be
aggregated together 1n one or more physical modules, such as
in the form of either hardware modules like ASICs and/or
software modules.

The system estimates the channel transmission quality for
both the preferred frequency list (preferred configuration list
in general ) and the potential frequency list (potential configu-
ration list 1n general). The potential frequency list, for this
example, can include all available frequencies (besides the 40
RF frequencies from the preferred frequency list) selected
from the 2.4 GHzISM frequency band. Although this detailed
description focuses on the exemplary wireless application,
the system 4 has broader applicability, and 1s not limited to a
single controllable transmission parameter but i1s applicable
to multiple controllable transmission parameters, including,
but not limited to time, frequency, wavelength, polarization,
antenna directivity, antenna direction, antenna location,
equalizer settings, chipping sequence, signal power, and sig-
nal phase. In general terms, the system monitors the trans-
mission quality for the preferred configuration list which wall
be used for transmitting primary data signals, and the poten-
tial configuration list which 1s not expected to be used for
transmitting primary data signals in the immediate future.

Reterring back to FIG. 1, each one of the slaves 180 devel-
ops 1ts own transmission quality estimation 1n 130 by keeping
track of the symbol-error information determined 1n its error
correction decoder 60 for the preferred frequency list. For the
potential frequency list, estimation of the transmission qual-
ity can be done by sending a probe packet containing data
signals known a prior1 by both the master 170 and the slaves,
such as slave 180. The probe packets are transmitted on probe
frequencies selected from the potential frequency list. The
transmission quality for the probe frequencies 1s estimated in
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cach slave by measuring, such as the BER, of the recerved
probe data. The probe frequencies are not currently-in-use,
but the master 170 needs to know their transmission quality so
that they can be used as candidates along with the pretferred
frequency list when the system 4 selects subsequent preferred
frequency lists for transmitting subsequent primary data sig-
nals. The set of probe frequencies can include all or a subset
of the frequencies from the potential frequency list. The trans-
mission quality estimate for both the set of 40 frequencies on
the preferred frequency list and the set of probe frequencies
can be sent back to the master 1n a feedback packet. Due to a
variety ol phenomena, such as multipath interference, each
one of the set of 40 frequencies can behave differently 1n
terms of transmission quality. One advantageous choice of
frequency for transmitting the feedback packet 1s the ire-
quency from the preferred list which has the highest trans-
mission quality, although many other choices, such as alter-
nately using Irequencies having higher than average
transmission quality are also possible.

To 1mprove performance, frequency (transmission con-
figuration 1n general ) adaptation 1s used. The master collects
the feedback data signals from all of the slaves and aggregates
its own transmission quality estimate. The master then peri-
odically adjusts the preferred frequency list (or 1n general, the
preferred configuration list) for the subsequent primary data
signals. There are many different ways 1n which the master
can aggregate the transmission quality information from the
slaves 180 and select the subsequent preferred frequency list.
For instance, it can simply average the estimate reported by
cach slave 180 for each frequency. The master 170 can also
use the transmission quality information from each slave 180
to estimate the quality of the link to each slave 180, and then
make decisions about which frequencies to use 1n the future
based on the needs of a slave 180 which is closest to failure.
In general, the master 170 can process the transmission qual-
ity measurements and select the subsequent preferred fre-
quency list which improves a function of the transmission
quality of all master/slave pairs. Based on the transmission
quality estimation and how the master 170 selects the subse-
quent preferred frequency list, the preferred frequency list
can not need to be adjusted, or the adjustment (from current
preferred frequency list to subsequent preferred frequency
lists) can be pseudorandom, partially pseudorandom or the
adjustment can be nonrandom.

Although the system described thus far 1s effective at
recovering {rom outside interference, 1n some circumstances
it may interfere with other commumnications systems. More-
over, the approach thus far described represents a reactive
approach, in which interference must have already occurred
in order for the system to compensate for it. An additional,
proactive approach 1s also possible, in which the system can
be instructed to avoid interference from another network, and
avold interfering with another network, before the interfer-
ence has happened.

For example, with reference to FIG. 1, another local wire-
less network 190 may exist in the same frequency range as the
system described. As a more specific example, a user may
have a WiF1 network (a wireless network conforming to the
IEEE 802.11 standard) 1n the same vicinity as the described
system. A WiF1 network includes one or more nodes, such as
computers and/or base stations, all of which transmait in the
same 2.4 GHz range as does the exemplary system described
above although what 1s described 1s also applicable to other
frequency bands. In certain configurations, the WikF1 network
may be more aifected by the described system than the system
1s by the WiF1 network.
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To address this situation, the channel manager 50 also takes
into account information from a channel selector 75 1n deter-
mining the preferred and, optionally, potential frequency
lists. (Although the channel selector 75 1s shown separately 1n
FIG. 1, 1t may also be part of the channel manager or part of
another element or device in the system.) The channel selec-
tor 75 determines frequencies that should not be included
among the preferred and, optionally, potential frequencies,
because the determined frequencies may interfere with the
other local wireless network 190.

With reference to FIGS. 1 and 6, 1n some implementations,
the channel selector 75 includes a user interface 610 that has
avisual indicator 620, such as an LED, and a button 650. Each
time the user presses the button 630, the indicator 620 flashes
once. This signifies to the user that the system has registered
the button press. Each time the user presses the button 650, the
channel selector 75 selects a WikFi1 channel (a frequency band
utilized by an IEEE 802.11 wireless network) to avoid. By
default, before the user has pressed the button 630, the chan-
nel selector 75 selects Wi1Fi1 channel 6 to avoid, since channel
6 1s the most common channel 1n use 1n WiF1 networks. When
the user presses the button 650 once, the channel selector 75
selects WiF1 channel 11, since that is the second-most com-
mon WiF1 channel. Each subsequent time the user presses the
button 650, the channel selector 75 selects WiF1 channels 2-5,
followed by 6-10. I the user again presses the button 650—or
if, at any time, the user holds down the button 650 for three
seconds—the channel selector 75 will switch to “full band”
mode, 1n which 1t does not avoid any WiF1 channel. In this
case, the indicator 620 flashes multiple times.

In other implementations, multiple indicators exist such
that the currently-selected WikF1 channel may be unambigu-
ously displayed. For example, in some implementations, a
display exists showing the WikF1 channel number. In some
implementations, the user controls the selected channel
through DIP switches. In some implementations, the user
controls the selected channel through an on-screen graphical
user mtertace or an LCD-based graphical user interface.

In some implementations, more than one WikF1 channel
may be selected at once.

The user may know 1n advance which channel 1s 1n use by
the other network 190, in which case he or she can press the
button 650 the correct number of times to select the required
channel. Alternatively, the user may simply press the button
650 when the other network 190 1s experiencing interference.
Repeated presses of the button 650 will eventually cause the
channel selector 75 to select the correct channel to avoid.

The channel selector 75 communicates the information
about which WiF1 channel has been selected to the channel
manager 50, which excludes the associated frequencies from
the preferred and, optionally, potential frequency lists. For
example, if the user has selected WiFi1 channel 6, the channel
manager 50 will exclude frequencies corresponding to Wik1
channel 6, 1.e, 2.426 to 2.448 GHz, from the preferred ire-
quency list, and optionally the potential frequency list as well.

In other implementations, the channel selector 75 includes
a mechanism by which the channels occupied by other
devices operating on the 2.4 GHz frequency range can be
automatically detected and avoided. Referring to FIG. 7, for
example, the channel selector 75 first waits until the master
170 1s not linked to other nodes (steps 710 and 720), for
example, to a slave node. Then, the channel selector 75 listens
for activity on frequencies within the 2.4 GHz frequency band
(step 730). If the channel selector 75 finds activity (step 740),
it 1nstructs the channel manager 50 excludes those frequen-
cies from the preferred and, optionally potential frequency
lists (step 750); otherwise the channel manager 50 determines
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that the entire band 1s available (step 760). In some variations,
instead of waiting until the master 170 1s not linked to other
nodes (steps 710 and 720), the channel selector 75 1nstead
waits until the button 650 (FIG. 6) 1s pushed. In some varia-
tions, step 760 1s not used; instead, the channel manager
assumes that all frequencies within the band of operation may
be included in the potential and preferred frequency list
unless instructed otherwise. In some variations, the channel
selector 77 located 1n a slave 180 1s used in addition to a
channel selector 75 located 1n a master 170. In these varia-
tions, the slave’s channel selector 77 sends the channel selec-
tor 75 1n the master 170 information about what frequencies
to mstruct the channel manager 50 to exclude 1n step 750. In
some variations channel selectors 75, 77 located in both the
slave 180 and in the master 170 listen for activity. These
variations are advantageous in that the slave’s channel selec-
tor 77 may be able to detect frequencies that the master’s
channel selector 75 cannot.

In some implementations, referring to FIG. 8, the master
170 periodically allocates small slices of time (for example,
150 microseconds) within the normal sequence of transmis-
sions/receptions during which all nodes on the network are
radio-silent. The channel selector 75 waits for the allocated
time slice (step 810). At thus point, the master 170 suspends
transmission (step 825) while the channel selector 75 listens
for activity (step 820). If 1t finds activity (step 830), the
channel manager 50 excludes the frequencies at which the
activity 1s occurring from the preferred frequencies (step
840); otherwise the channel manager determines that the
given frequencies are available (step 850). In some variations,
step 850 1s not used; instead, the channel manager assumes
that all frequencies within the band of operation may be
included 1n the potential and preferred frequency list unless
instructed otherwise.

In the implementations described i FIGS. 7 and 8, the
channel selector 75 listens for activity 1n one of following two
exemplary ways. In one vanation, the channel selector 735
successively tunes to each frequency (or channel) in the band
and detects radio frequency energy. In a second variation, the
channel selector 75 attempts to detect the signature of a
device operating on the channel. As used herein, a signature
represents a characteristic emission of adevice. The signature
may relate to an emission’s frequency, duration, amplitude,
phase, power level, antenna polarity, or other attributes, or a
combination of attributes. In some 1implementations, the sig-
nature comprises “beacon” packets with a fixed duration
associated with an 802.11 network, sent at regular intervals.
In some implementations, the signature comprises bursts of
energy at regular intervals. In some implementations, the
signature comprises energy configured 1n swaths of 22 MHz,
also characteristic of an 802.11 network. In some implemen-
tations, a signature comprises a modulation technique, for
example ASK, FSK, QAM, OFDM, FHSS, or DSSS. In some
implementations, other signatures are defined.

Referring to FIGS. 1 and 9, 1n some implementations, a
node such as the master 170 1s capable of connecting to an
802.11 wireless network. In some variations the node con-
nects, such as through a standard 802.11 chip 73, to the
802.11 wireless network. In these varniations, the connection
can be mitiated by the user, such as when the user pushes a
button. In this case, the channel selector 75 checks to see 1f the
button 650 was pressed (step 905). If not, 1t waits until the user
presses the button. (Note that the button press described here
does not cause the same effect as the button press described 1n
the text referring to FIG. 6.) Next, the channel selector 75
checks to see 11 an 802.11 network 190 1s present (step 910).
It a network exists, the channel selector 75 instructs the
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802.11 chip 73 to connect to the network (step 920) and, using,
the 802.11 protocol, to ascertains the channel on which the
network 1s operating (step 930). The channel selector 75 then
instructs the channel manager 50 to exclude the frequencies
associated with the detected channel (step 940). In some
variations, the channel selector 75 checks to see 1t a node such
as the master 170 1s connected to other nodes such as the slave
nodes 180. If 1t 1s, 1t waits until 1t 1s not connected belore
searching for a wireless network.

In some vanations, the master 170 performs the process
described 1n FIG. 9 by omitting step 905 altogether. Instead,
the master 170 begins at step 910. In some 1implementations,
it performs this process when 1t 1s first turned on. In some
implementations, 1t performs this process at prespecified time
intervals, for example, every 3 seconds. In some varnations,
the master 170 suspends transmission while it 1s performing
the process described.

In other examples, the other network 190 need not be a
WiF1 network but could be any network on which communi-
cation may interfere with the system. Other techniques may
be used to solicit the user’s mput on the frequencies to be
avoided, or to obtain that information automatically.

In some implementations, the channel selector 75 1s a
software program implemented on a DSP (*digital signal
processor’). Referring to FI1G. 10, the button 650 (FIG. 6) 1s
attached to a pin 1005 on the DSP. The channel selector 75
consists of two layers of software code: a low level 1010 and
a high layer 1020. Code 1n the low level 1010 monaitors the
voltage on the pin 1005. A voltage of 0 indicates that the
button 650 1s depressed; a voltage of non-0 (for example, 3.3
volts) indicates that the button 650 1s not depressed. The
low-level code 1010 constantly monitors the status of the pin
1005. The maddle-level code 1020 constantly monitors the
status of the low-level code 1010. When the voltage on the pin
1005 becomes non-zero, the low-level code returns an indi-
cation that the button has been pressed. It does not continue to
return this result until the voltage becomes zero, then non-
zero again. (Otherwise, 1t would send multiple messages
whenever the button 650 1s pressed.)

The low-level code 1010 also maintains a timer 1007,
which the code 1010 uses to determine when the button 6350
has remained pressed for three seconds or more. When this
happens, the low-level code 1010 returns an indication to the
middle-level code 1020 that the button has been pressed. This
indication, and the indication that the button has been pressed,
take the form of arbitrary patterns. In some examples, the
indication that the button 1s not pressed i1s binary ‘00’; the
indication that the button 1s pressed i1s ‘01,” and the indication
that the button has been pressed for three seconds 1s “11°.

The indicator 620 1s connected via a pin 1025 to the DSP.
When the middle-level code 1020 receives a positive result
(indicating that the button 650 has been pressed) from the
low-level code 1010, the middle-level code 1020 brietly
sends a signal on pin 1025 to flash the indicator 620 once. The
middle-level code 1020 then updates an internal channel 1D
l1st to mark the channel to avoid. If, after updating, the chan-
nel ID list indicates that the system should now be 1n full band
mode, the middle-level code 1020 sends a signal on pin 10235
to flash the indicator 620 one or more additional times.

The channel manager 50 constantly monitors the status of
the middle-level code 1020. The middle-level code 1020
returns the frequencies that are associated with the selected
WiF1 channel. When the button 650 1s pressed, the middle-
level code 1020 mnitiates a process 1030 that reallocates all of
the channels 1n the band according to the new selection.
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The channel manager 50 updates the preferred and, option-
ally, the potential frequency lists based on factors described
carlier as well as the result from the middle-level code 1020.

Information about the selected subsequent preferred fre-
quency list 1s included 1n the network management informa-
tion which can be transmitted to the slaves 180. To improve
reliability of transmitting this information, the network man-
agement mformation can be further protected via error cor-
rection coding, which can be more certain of correction than
that used to protect the primary data, along with the use of
CRCs. Further, instead of sending the network management
information once, during the transmission of a frame, the
network management information can be transmitted mul-
tiple times. For the exemplary wireless audio application,
since each frame contains 11 blocks, the network manage-
ment information can be transmitted along with every block
of data so the slaves will have 11 opportunities to receive it.

FIG. 3 shows a flowchart operation procedure 190 of the
system 4. The system start 200 organizes information signals
into a first number of frames, each including a second number
of packets 210. Each frame 1s transmitted from the master 170
to the slaves 180 by sending 220 the packets within the frame
via a preferred frequency list. The master 170 aggregates and
selects a subsequent preferred frequency list based on trans-
mission quality estimation between all the master/slave pairs
tor both the preferred frequency list and a set of probe ire-
quencies chosen from the potential frequency list 230. The
procedure 190 continues until all the frames are sent 240.

An adaptive scheme, which utilizes the transmission qual-
ity estimation, can be used along with a number of technolo-
gies for transmitting the digitally modulated information,
c.g., FHSS, DSSS, and OFDM (selecting appropriate RF
spectrum and digital modulation schemes), by adaptively
adjusting one or more controllable transmission parameters.
For example, 1n the case of frequency hopping (FHSS), the
master 170 sends a short burst of data signals (a packet for the
exemplary wireless sound system) via a digital modulation
technique such as 4-level frequency shiit keying (4-FSK) or
quadrature amplitude modulation (QAM), then adjusts the
frequency and sends another short burst of data signals. Each
frequency 1s occupied for a brief period of time. The preferred
frequency list can or can not be adaptively adjusted, based on
transmission quality estimation and how the master 170
selects the frequencies, to accommodate the localized chan-
nel capacity variation. When the proposed transmission qual-
ity based adaptive scheme 1s used with direct sequence modu-
lation (DSSS), the system 4 can take various actions based on
transmission quality information, including switching to a
new center Irequency having better transmission quality,
adjusting the chipping sequence, or changing other variables
that can atfect the transmission, such as antenna polarization,
power level, and time slot. When the slaves 180 are handsets,
the handset transmission power can also be adjusted so that
signals of all handsets have the same power arriving at the
master 170.

In general, the monitored channel transmission quality
information can be used in many different ways to improve
system performance 1n addition to the adaptive adjustment of
frequencies (transmission configurations 1n general)
described above. For example, the properties of digital modu-
lation can be adjusted based on monitored transmission qual-
ity. For a frequency having better quality, a higher order
modulation scheme such as 16-QAM could be used, while for
a frequency having poorer quality a lower order modulation
scheme such as 4-QQAM could be used, so as to equalize the
BER on the frequencies.
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The information signals 160 to be transmitted can include
more than one stream of information signals simultaneously.
For example, for the exemplary wireless sound system, there
can be two streams from two separate audio signal sources
(e.g., one might be carrying a radio broadcast while the other
carries material from a CD player), allowing people in differ-
ent rooms to listen to sounds from different audio signal
sources simultaneously. The multiple streams can be sepa-
rately coded and transmitted via separate masters, and the
slaves will then choose to connect to one of the available
masters. Alternately, the multiple streams can be multiplexed
into the transmission of a single master. For the case when
more than one stream 1s transmitted, the error correction
coding scheme of coder 20 can also be adjusted based on the
transmission quality and/or utilization of received streams
(such as based on slave 180 status and user command/control
for each stream). For example, when one stream 1s not used,
an error correction scheme of coder 20 more certain of error
correction can be used for the other stream. Furthermore, one
embodiment can pack two of the masters 170 1nto a single
physical unit, with each master 170 dedicated to a separate
audio signal source (e.g., one for a radio broadcast, and the
other for a CD player). They can share common components,
such as a common power supply. Also, two masters 170 can
be wire-connected in order to synchronize their transmissions
and share preferred frequency lists. Two masters 170 that are
so implemented are preferably synchronized so that they can
listen for feedback packets at the same time. They can also
coordinate their selection of frequencies to avoid transmitting
on the same frequency at the same time.

The master 170 and the slaves 180 preferably agree on
which frequencies (transmission configurations 1n general)
will be used, especially for a broadcast network when either a
new slave 180 or an existing slave 180 which lost synchroni-
zation with the network (e.g., due to interference), must be
able to acquire the network (know which frequencies will be
used for the next frame of data and synchronize 1ts own time
base with that of the master 170), without disturbing any
ongoing transmission to other slaves 180. A set of predefined
“base frequencies” can be used by the master 170 to transmiut
the information about the current preferred frequency list to
the slaves 180, and the information used by a new slave 180
for acquiring the network. The set of base frequencies is
known a prior1 by both the master 170 and the slaves 180,
including the slave 180 to be attached. At a predetermined
rate, the master 170 can transmit a “sync” packet on one of the
base frequencies. The sync packet includes a timing reference
extracted from the master’s local clock (for instance, a local
crystal oscillator) and the current preferred frequency list.
When a new slave 180 1s turned on, the slave 180 tunes to one
of the base frequencies. The slave 180 repeatedly tries to
receive the sync packet, and moves on to another one of the
base frequencies, until it succeeds. The slave 180 then reads in
the data and the CRC. If the CRC {ails, the slave 180 resets
itself and tries again. If the CRC passes, the slave 180 assumes
it has acquired a master. The new slave 180 then receives
packets from the master 170 until such time as the new slave
180 detects a loss of synchronization.

FIG. 4 A shows a process 290 for network acquisition at the
master 170. The process 290 start 300 selects one frequency
from the set of preselected base frequencies 310 to be used for
acquiring the network by the new slaves 180. A COUNT
variable 1s then reset 320. Periodically (every 100 ms for
example) the master 170 transmits a sync packet containing
the master’s timing reference and the subsequent preferred
frequency list on the selected base frequency 330. The

COUNT wvariable 1s incremented 340. If the COUNT wvariable
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1s larger than a predetermined threshold value 350, the pro-
cedure switches to select one frequency 310 to pick another
frequency from the list of base frequencies. Otherwise the
master 170 transmits the sync packet on the same selected
base frequency. When the master 170 1s not transmitting a
sync packet (which 1s most of the time), it sends other packets
contaiming other data signals.

FIG. 4B shows a process 390 for network acquisition at the
slaves 180. The process 390 start 400 selects one frequency
from the set of preselected base frequencies 410 to be used for
acquiring the network by the new slaves 180. A COUNT
variable 1s then reset 420. The new slave 180 seeking a master
170 for attachment tunes to the selected frequency and
searches for the timing reference information 430 sent as part
of the sync packet. IT 1t succeeds, the process reads 1n the
synchronization data 450. Otherwise the COUNT varniable 1s
incremented 460. I the COUNT vanable 1s larger than a
predetermined threshold value 470, the process switches to
select frequency 410 to select another frequency from the list
of base frequencies. Otherwise, the procedure returns to 430
so the new slave 180 will continue trying to find a sync packet
on the same base frequency. After reading the synchroniza-
tion data 450, 1ts CRC 1s checked for validity 480. If synchro-
nization data1s valid, synchronization has been achieved. The
new slave 180 reads 1n subsequent packets 490. Otherwise,
the procedure returns to 460 to seek synchronization data
again. After step 480, the new slave receives primary data
packets. If the received primary data packets are consistently
incorrect 4935, the process returns to 410 to try to acquire the
network again.

FIGS. 5A-5E are exemplary schematic circuit diagrams
suitable for use as a master 170 or a slave 180. This circuitry
can be connected as a master 170 and recerve stereo signals
from a source, such as a CD player or tuner, and function as a
slave 180 that furnishes appropriate audio signals to a loud-
speaker system.

The probe packet, feedback packet, and sync packet are a
few possible management packets that can be implemented.
The packet structure of such management packets can be the
same as or different from the packet structure used for data
signal transmission. An exemplary implementation of the
invention accommodates one feedback packet per frame, with

probe packets and sync packets each being sent every other
frame.

The wireless system 4 can operate alone or 1n parallel with
other types of existing networks such as Ethernet networks.
For example, the wireless system can be used to transmait time
critical data (e.g., audio signal streams) while the existing
network 1s used to transmit other data signals (e.g., command/
control signals).

An advantage of the wireless system 4 1s that 1t can suc-
cessiully operate in the presence of noise and competing data
signal transmissions in the same transmission band (e.g.,
from microwave ovens, cell phones, wireless telephones, and
other audio devices). For example, interference from micro-
wave ovens, which can be a serious impediment to wireless
data signal transmission 1n homes, 1s iherently rejected by
the system’s monitoring of transmission quality—Irequen-
cies affected by microwave oven are discovered and avoided.
Competing wireless data transmissions are also, to a degree,
dealt with 1n the same manner; and additional immunity to
such competing transmissions arise by choosing sets of {re-
quencies that have little overlap with the frequencies used by
competing systems (e.g., the frequencies used in a frequency
hopping implementation could be orthogonal to those of a
competing system).
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Each master 170 1n the system can also be assigned a
umque 1dentification signal that can be transmitted to slaves
180 1n the same system to condition the slaves 180 to receive
correct data signals. Management packets returned by slaves
180 to masters 170 can be sent during time slots assigned on
the basis of a slave’s unique 1dentification signal.

The system 4 1s sulficiently reliable to provide a multiroom
home wireless audio system with a range (distance between
master and slaves) of more than 100-1t, as many as eight
slaves; a latency (time delay between master and slaves) of
less than 40 ms, excellent audio quality, and ability to accom-
modate transmissions from at least two independent audio
signal sources.

The auxiliary data signals, such as command/control sig-
nals from the slaves can also be sent back to the master along
with, or separate from, the transmission quality estimation
information signals via the same or separate frequency. For
example, for the exemplary wireless sound system applica-
tion, the user can want to change the audio signals transduced
by the speaker, such as by changing the FM radio station. For
this example, the relatively long-range wireless link (up to
more than 100 ft for the exemplary application) can operate
beside short-range RF remote controls, with which the user
can command the specific audio devices (e.g., changing the
FM radio station). The user’s command/control information
can be relayed from the short-range RF remote to the master
located at the other end of the long-range wireless link. When
the RF remote operates 1n a different frequency spectrum
from the wireless data transmission, the slaves where the
audio device 1s connected can have an RF remote transceiver
included so that the command/control to/from the RF remote
can be passed through the long-range wireless link 1n the
same way that ancillary information signals are transmitted.
Essentially this arrangement forms a repeater for the short-
range RF remote, enabling RF remote operation in the same
area served by the long-range wireless link.

FIGS. SA-1 includes a transcerver chip 500 commercially
available from Atmel Corporation of San Jose, Calif. For
transmission, the chip 500 recerves a base band signal and
FSK modulates this signal on a carrier in the 2.4 Ghz band
tunable by a PLL on the chip. A digital interface receives
appropriate signals for controlling the carrier frequency and
other parameters. For reception, the chip 500 receives a signal
in the 2.4 Ghz band, converts the signal for filtering, and then
demodulates 1t to a base band signal delivered at 510. Chip
502 can be regarded as a sibling chip of transceiver chip 500.
For transmission, it functions as a power amplifier, delivering
as much as a few hundred mw of power for radiation of a
modulated carrier in the 2.4 Ghz band. For reception, 1t
includes a low noise amplifier.

A chip 504 1s an analog switch that functions primarily for
modulation and 1s commercially available from Atmel
accepting two-level FSK modulation, and with supporting
components, furnishes four-level FSK modulation. A chip
506 functions as an operational amplifier that coacts with one
of the switches 1n analog switches 504 as a sample/hold
circuit. This circuit accepts a reference level from an incom-
ing analog signal at 510 so that the following circuitry can
correctly differentiate one level from another to negate the
cifects of any DC bias 1n the incoming signal.

A data slicer 508 coacts with surrounding components to
convert the analog signal at 510 into a digital signal that can
be sampled.

Referring to FIGS. 53B-1 an oscillator 512 functions as the
primary time base for furnishing timing signals to all other
circuits in the embodiment. An analog audio interface 514
receives left and right stereo signals when the embodiment
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functions as a master, and a socket 516 1s only populated
when operating as a master. Switch bank 518 allows a user to
select the 1dentification signal for the specific master 170 or
slave 180.

Programmable logic device (PLD) 3520 can be an
EPM3032ATC44-10 commercially available from Altera of
San Jose, Calif. The device 520 handles many low-level digi-
tal signal functions that are relatively easily handled with
programmable logic. The device also performs the preamble
detection. When the PLD detects a given pattern in the incom-
ing signal (the preamble), 1t fires an interrupt signal which the
digital signal processor uses as a timing reference. When used
as a slave 180, the master/slave interface can include these
voltage translation transistors.

Referring to FIGS. 53C-1-4 a digital signal processor 526
performs the methods according to the system 4. This digital
signal processor 1n this exemplary embodiment 1s a 180-
MIPS Motorola chip (Motorola DSP36367) commercially
available from Motorola. Referring to FIG. 5D, there is
shown circuitry performing analog audio signal processing.
For master 170, circuit 528 includes a differential pre-amp
tollowed by an A/D converter. The master 170 1s capable of
taking two analog streams (of two channels each), two pairs
of differential amplifiers and two dual analog-to-digital con-
verters. For slave 180, circuit 530 has a single (dual) digital-
to-analog converter followed by a pair of butfered amplifiers.
Only one stream of two channel output 1s furnished for this
example.

Referring to FIG. SE, there 1s a schematic circuit diagram
of the power supply. The output of a transformer 1s full-wave
rectified, processed and converted into a range of DC voltages
used 1n the circuitry.

There has been described novel apparatus and techniques
for wireless communicating. It 1s evident that those skilled 1n
the art can now make numerous uses and modifications of an
departures from the specific apparatus and techniques dis-
closed herein without departing from the inventive concepts.
Consequently the invention 1s to be construed as embracing
cach and every novel feature and novel combination of fea-
tures present 1n or possessed by the apparatus and techniques
herein disclosed and limited only by the spirit and scope of the
appended claims.

What 1s claimed 1s:

1. A method avoiding mterference from a first wireless
system operating on a first frequency 1n a first range of ire-
quencies 1 which a second wireless system may operate
using spread spectrum techniques that has a plurality of fre-
quency ranges including the first range and other frequency
ranges outside said first range comprising,

determining on the second wireless system the {first fre-

quency ol active operation of the first wireless system,
and

communicating wirelessly on the second wireless system

in the vicinity of wireless communication on the first

wireless system while preventing the second wireless

system from operating in the first frequency range and

utilizing a spread-spectrum technique that operates 1n a
frequency range outside said first frequency range
without replacing said first frequency range with
another frequency range.
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2. The method of claim 1 1n which the determining 1s done
at a time when transmissions from the first wireless system do
not impede the functionality of the second wireless system.

3. The method of claim 1 1n which the determining 1s done
at a time when transmissions from the second wireless system
do not impede the functionality of the first wireless system.

4. The method of claim 1 1n which the determining 1s done
at a time when the second wireless system 1s not transmitting.

5. The method of claim 1 1n which the second wireless
system comprises a node capable of transmitting, and the
determining 1s done at a time when the node 1s not transmiut-
ting.

6. The method of claim 1 in which user manually selects the
first frequency range to be excluded from operation by the
second wireless system.

7. The method of claim 6 1n which the user manually selects
the first frequency range pressing a button to prevent the
second wireless system operating 1n the first frequency range.

8. The method of claim 1 1n which the determining com-
prises detecting activity of the first wireless system.

9. The method of claim 1 further comprising suspending
wireless communication on the second wireless network, dur-
ing the suspending, determining a frequency of operation of
the first wireless system.

10. A method avoiding interference from a first wireless
system operating on a {irst frequency 1n a first range of fre-
quencies 1n which a second wireless system may operate
using spread spectrum techniques that has a plurality of fre-
quency ranges including the first frequency range and other
frequency ranges outside the first range comprising,

maintaining for the second wireless system, information

about the first frequency,

communicating on the second wireless system using a

spread-spectrum technique 1n a frequency range outside
said first range of frequencies, and

controlling communicating on the second wireless system

to exclude the first frequency without replacing said first
frequency with another frequency.

11. The method of claim 10 1n which the mformation 1s
updated periodically.

12. The method of claim 10 1n which the second wireless
system includes a user interface and a user enters the infor-
mation through the user interface to manually exclude the first
frequency.

13. The method of claim 10 1n which the information 1s
obtained automatically by observation of the first wireless
network.

14. An apparatus comprising

a second wireless system constructed and arranged to use

spread spectrum techniques in a plurality of frequency
ranges including a first frequency range embracing a
first frequency on which a first wireless system operates
that would have interference if said second wireless
system operated 1n said first frequency range

a controller to prevent operation of said second wireless

system 1n said first frequency range without replacing
said first frequency range with another frequency range.

15. The apparatus of claim 14 in which the controller
comprises a manual user interface constructed and arranged
to allow the user to manually prevent operation of said second
wireless system 1n said first frequency range.
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